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Background: Noninvasive tests are required to detect (in both male and female subjects and side by side) arteries toward
the hypogastric circulation that are likely to present significant lesions as a cause of buttock claudication.
Methods: We compared the accuracy of near-infrared spectroscopy (NIRS) and transcutaneous oxygen pressure (TCPO2)
on both buttocks during walking tests to detect lesions on the arteries toward the hypogastric circulation. NIRS was
considered abnormal if recovery time to pre-exercise values was greater than 240 seconds for tissue oxygen saturation
(absent data being coded 0), and TCPO2 was coded abnormal if the minimal value of buttock changes minus chest changes
was lower than 15 mm Hg. The study was conducted in a university hospital; there were 30 ambulatory patients with
stage 2 claudication of the Fontaine classification.
Results: Angiography showed 36 abnormal (stenosis> 75%) and 24 normal arterial axes toward the buttocks circulation.
NIRS and TCPO2 provided respectively 55% (range, 41.6% to 67.9%) and 82% (range, 69.6% to 90.5%) accuracy (95%
confidence interval) to predict the presence of arteriographically proven lesions; P < .05.
Conclusions: Using available cut-off points proposed in the literature, NIRS showed a lower diagnostic accuracy than
TCPO2 for the prediction of lesions on the arterial tree to the hypogastric circulation. NIRS is a recent technique as
compared with TCPO2, and its diagnostic accuracy might improve in the future. Currently, one should carefully weigh the
advantages and limits of NIRS and TCPO when a choice is to be made between them to monitor exercise-induced2
changes resulting from lower limb arterial disease at the proximal level. ( J Vasc Surg 2005;41:994-9.)Most published observations of primary proximal vas-
cular claudication (not resulting from the deliberate occlu-
sion of the hypogastric arteries) are isolated case reports. In
many of these reports, investigators have underlined that
the diagnosis of proximal ischemia may remain particularly
elusive in case of isolated lesions on hypogastric arteries
because pulses, distal Doppler, and ankle pressure measure-
ments may remain within normal limits.1-6 Imaging of the
internal iliac and gluteal arteries is often difficult in obese
patients and cannot account for the potential blood supply
through collateral vessels. Penile pressure is limited to
nonobese and only male subjects and provides no informa-
tion about which side may be affected. New tools are
required for the detection of ischemia in the hypogastric
area on both sides to facilitate the diagnosis in patients of
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994either sex suffering isolated proximal exercise-induced pain.
These tools could also provide further information for
estimating the outcome after angioplasty or surgery of
arteries providing flow toward the hypogastric circula-
tion.7,8
Near-infrared spectroscopy (NIRS) measures the satu-
ration of hemoglobin by oxygen from the differential ab-
sorption by oxyhemoglobin and deoxyhemoglobin of
monochromatic light spectrum emitted by laser beams at
characteristic wavelengths. The analysis of oxygen satura-
tion changes (StO2) in tissues has been proposed to detect
ischemia at the proximal and distal levels.7,9 Measurement
of deep tissue (estimated 2.5 to 3.5 cm from the skin
surface) is an attractive approach to potential muscle isch-
emia. Unfortunately, subcutaneous fat at the buttock level
may be important in obese patients and may raise the
question of whether the saturation measured is from fat or
from muscles tissues. Further, absolute values provided by
the device seem relatively unreliable at both at the calf and
buttock levels, and initial slope10 or recovery times for StO2
decrease during walking seem to better discriminate normal
and abnormal results than do absolute values.7,9
Transcutaneous oxygen pressure (TCPO2) is a skin and
not a muscle measurement. As a surface measurement, it is
likely insensitive to underlying muscle PO2 changes. Nev-
ertheless, at the buttock level at least, the skin and muscles
below are vascularized by the same arterial trunk. Further-
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oxygen changes through a chest reference electrode11,12 is
of major advantage in vascular patients that, as smokers or
former smokers, may frequently suffer simultaneous chest
disease.
Recently, TCPO2 measurements
13 and NIRS7 have
been proposed to estimate exercise-induced ischemia at the
buttock level with respective reported accuracies of 80%
and 100%. Comparison of simultaneous recordings with
these two techniques against gold-standard arteriography
has not been performed to date.
METHODS
Population. From August to November 2004, a pro-
spective analysis was undertaken on vascular patients suffer-
ing stable stage 2 claudication of the Fontaine classification
and referred for arteriography. Patients underwent a tread-
mill test with simultaneous TCPO2 and NIRS recordings
within 3 months of the arteriography, and were included in
the study provided that no significant change in the func-
tional status or treatment was observed between the two
investigations and that they gave informed consent to the
study, which was approved by our ethics committee and
performed according to Helsinki conference recommenda-
tions. All patients had previously undergone noninvasive
vascular investigations with ankle-to-brachial systolic pres-
sure indices measurements at rest (ABI). Results for the
Doppler and ABI values were not made known at the time
of exercise tests.
Arteriography. Numerized arteriograms were per-
formed using the Seldinger technique with 4F pigtail cath-
eters. The angiographies were analyzed by reviewers
blinded to the results of the exercise tests (F.T., J.P., P.B.).
For each side, arteriography was considered positive in the
presence of an occlusion or a significant stenosis (75%) of
at least one of the following arteries: the aorta, the ipsilat-
eral common iliac artery, and the ipsilateral internal iliac
artery. Inversely, arteriography was considered negative in
the absence of a significant stenosis in any of these arteries.
In case of termino-lateral aortofemoral bypass, the perfu-
sion is sometimes attained “a retro” through the external
iliac arteries toward the hypogastric system when it was
patent. Then the external iliac artery was used for the
analysis instead of the common iliac artery.
Exercise test. After a 20-minute resting period, pa-
tients were placed in a relatively dark room with a room
temperature set to 21 2°C. A 12-lead electrocardiograph
was used to control the heart rate and to detect any arrhyth-
mias or abnormal depolarization events during the whole
exercise test procedure. The treadmill test was performed
using a 10% slope and a progressive increase of speed
according to the following procedure: the speed was started
at 1 km/h1 and was increased by 0.5 km/h1 every
minute up to 2.5 km/h1. After 1 minute at this rate, the
treadmill speed was stabilized at 3.2 km/h1 for an addi-
tional 16 minutes. Patients were encouraged to perform at
the highest possible speed for the longest time possible.
Exercise was discontinued on the patient’s request or, inthe absence of claudication after a total walking duration of
20 minutes, approximately 1000 m. Exercise tests were
performed by two investigators (P.A., V.J.) blinded to the
results of arteriography.
TCPO2 andNIRS values were recorded for 2minutes in
the standing position before the treadmill was started,
during the walking period, and for a minimum of 10
minutes in the standing position after the end of the exer-
cise test.
TCPO2 recording. Measurements were performed
using 3 TCPO2 devices (TINATCM3Radiometer, Copen-
hagen, Denmark). A one-point calibration to air was per-
formed before each experiment. The temperature of the
probe was 44.5°C to allow for maximal vasodilatation,
thereby decreasing the arterial-to-skin surface oxygen pres-
sure gradient. Afterward, the TCPO2 measurements were
automatically temperature-corrected to 37°C. A reference
electrode was placed on the chest to measure eventual
systemic changes. One electrode was positioned on each
buttock, 4 to 5 cm behind the bony prominence of the
trochanter. Before fixing the electrode, the skin was cleaned
and dead cells from the epidermal surface were removed by
gently rubbing the skin with gauze. Once the electrodes
were in position, a pretest heating period of 15 to 20
minutes in the standing position was required to allow
stable resting values to be reached. Stable values were
defined as TCPO2 changes 2 mm Hg within 5 minutes.
The data were recorded on a computer via an analog-to-
digital converter (Biopac System, Inc, Goleta, Calif) with a
sample rate of 3 Hz on 16 bits. Moving averaging over 15
samples was performed on raw data to decrease the elec-
tronic artifacts on the signal. Then the values were averaged
over 5-second intervals for further analysis. On each 5-
second interval, the TCPO2-change from rest in each but-
tock was corrected with the corresponding absolute value
of the chest electrode TCPO2-change, chest-TCPO2
changes being subtracted (if chest TCPO2 increased) or
added (if chest TCPO2 decreased) from the results of
TCPO2 changes at the buttocks as previously described.
13
For the analysis, the lowest negative value resulting from
this calculation on a 5-second interval during or in the 10
minutes after exercise was automatically detected by a
homemade program without possible observer’s interven-
tion. This Decrease from Rest of Oxygen Pressure (DROP)
index at the buttocks level is expressed in mm Hg. The
DROP index13,14 was preferred to the frequently used
regional perfusion index15-17 because it is independent of
starting absolute TCPO2 values, it is more reliable than other
exercise-derived parameters in test-retest procedures,18 and
using a 15 mm Hg cut-off point has been shown to be
80% accurate for detecting significant arterial lesion(s) on
the arteries toward the hypogastric circulation.13
NIRS recording. Measurements were performed us-
ing two NIRS devices (Inspectra, Hutchinson technolo-
gies, Arnhem, The Netherlands). Calibration was per-
formed before each experiment to the standard provided by
the company. Each electrode was positioned on each but-
tock 5 to 10minutes before the exercise test was started and
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sided adhesive receptor 2 to 3 cm behind the bony promi-
nence of the trochanter. A standard position of the probe
was preferred to the research of the best-signal-to-noise-
ratio position often recommended to allow for a standard-
ization of the measurements. The data were recorded on
computers, taking one sample every 3.5 seconds. Raw data
for total hemoglobin (HbT), oxygenized hemoglobin
(HbO) and saturation (StO2) were transferred to a personal
computer, and moving averaging over four samples was
performed on raw data to decrease movement artifacts on
the signal. For the analysis, one observer (J.L.) analyzed all
recording blinded to the results of both arteriography and
TCPO2 and calculated the recovery time as the time neces-
sary to reach baseline values from the end of the walking
period. For StO2, an abnormal response (suggesting signif-
icant lesions on the arteries toward the hypogastric circula-
tion) was defined as a recovery time greater than 240
seconds. At the buttock level, this recovery time is consid-
ered 100% accurate for the diagnosis of buttock claudica-
tion.7 The absence of a decrease of StO2 during exercise was
coded negative (recovery time being 0). Nonsatisfactory
NIRS recordings (starting value 1%, lost signal during
recording) were also coded negative: not providing argu-
ments for the presence of arterial lesions.
Searching for eventual other variables derived from
NIRS recordings for StO2, HbO, and HbT, determination
of themaximal initial slope over 30 seconds for the decrease
at the beginning of exercise, maximal recovery slope over
30 seconds at the end of exercise, and recovery time (cal-
culated as for StO2) were analyzed.
Analysis of the results. We first used the cut-off
points proposed in the literature to calculate sensitivity,
specificity, positive and negative predictive values, and ac-
curacy for each technique. Given the accuracies reported in
the literature, the 2 two-sided test suggested that 50
observations (25 subjects) would be necessary to detect a
significant difference between NIRS and TCPO2, with a
significant level of .05 and statistical power of 80%. The
risk/chance of positive arteriogram according to the results
of StO2 (NIRS), DROP (tcp02), and ABI were analyzed
with 2 tests and expressed as RR (Taylor series 95%
confidence interval). Sensitivity, specificity, and accuracy
are presented with 95% confidence interval,19 and differ-
ences between tests were studied with the MacNemar test
(SPSS version 12.0F, 2003; SPSS, Inc, Chicago). Inconsis-
tent results between NIRS or TCPO2 and arteriograms
were reanalyzed one by one to search for the reasons of
false-positive or negative test results.
A second analysis was performed with the receiver
operating characteristics (ROC) curve approach described
by Hanley and McNeil20 to search for original specific
cut-off points issued from NIRS recordings on available
data. The value of the variable resulting in the lowest
distance to the angle of 100/100% sensitivity/specificity is
considered to be the best compromise of sensitivity and
specificity for an arbitrarily defined equal cost of false-
positive or false-negative test results. These cut-off pointswere then used in the whole group (n  60) to determine
the diagnostic performance of the best exercise-derivedNIRS
variable in the whole group (missing values of the variable
being coded as negative test). For all statistical tests, a
two-tailed probability level of P  .05 was used to indicate
statistical significance.
RESULTS
Patients included were 28 male and 2 female subjects,
59  9 years old (mean  SD), 171  7 cm in height, 73
 14 kg in body weight. Their estimated maximal walking
distance was 304  319 m, and maximal walking distance
measured on the treadmill was 244 264m. Twelve of the
30 patients had benefited in the past of suprainguinal or
infrainguinal bypass surgery.
Among the 30 patients, arteriography showed bilateral
lesions in 13 patients, unilateral lesions in 10 patients, and no
significant proximal lesions in 7, resulting in 36 abnormal and
24 normal angiograms toward the buttocks circulation. Satis-
factory recordings for TCPO2 were obtained on each side for
all patients studied, whereas StO2 recovery time could not be
measured on one side in 4 patients and on both sides in 2 of
the 30 patients. Results using available cut-off points are
presented in Table I. In brief, positive and negative predictive
values were, respectively, 80% and 47% for NIRS, 79% and
88% for TCPO2, and 66% and 48% for ABI.
Among the different variables issued from the analysis of
NIRS recordings, the recovery time for saturation seemed to
be the one that could be determined in the maximal number
of cases and that provided the highest area under the ROC
curve, as presented in Table II. None of the other studied
parameters resulted in higher feasibility or a higher area under
the ROC curve than recovery time for StO2.
Analysis of the false-negative test results showed that apart
from nondiagnostic NIRS results (absent signal), many nega-
tive NIRS test results with positive arteriograms were associ-
ated with an important increase in chest TCPO2 during exer-
cise. This resulted in shortened recovery time. A detailed
analysis of the 12 false-positive test results deserves descrip-
tion. In no case were both NIRS and TCPO2 abnormal with
normal arteriography. In 9 cases, DROP was coded positive
and arteriogram negative: in 1 patient, bilateral multiple con-
secutive lesions of 60% were found. In 3 cases, stenosis was
estimated at 60% to 70% in the database, but reanalysis of the
image suggests underestimation in 2 of them. In 1 case, severe
lesions were found on distal gluteal arteries, although proxi-
mal trunks did not show significant lesions. Thus, in half of the
9 positive TCPO2 results, it is probably acceptable to suggest
that arteriograms were inadequately considered normal and
were false-negative arteriograms. This is likely in part attribut-
able to the arbitrarily defined limit used for arteriogram read-
ing. In one case, a 50% stenosis was associated with a total
occlusion of the contralateral internal iliac artery with major
contralateral buttock ischemia (DROP reaching75mmHg
on the occluded side). We assume that flow may have been
diverted toward the contralateral side, resulting in a moderate
but significant DROP decrease. In two recordings, a transient
decrease in DROP has occurred at the end of exercise. This
JOURNAL OF VASCULAR SURGERY
Volume 41, Number 6 Bouyé et al 997was observed in subjects showing abrupt systemic PO2 in-
creases at the end of exercise, as recorded through the central
chest probe. Although buttock and chest TCPO2 curves had
the same profile, the response was slightly delayed at the
buttock probes as compared with the chest, thus subtraction
resulted in a transient decrease. Whether this might result
from the time required for blood to reach distal probes or for
a difference in the half-time response of probes is not known,
but clearly results in a true false-positive test result. Three
positive NIRS were associated with normal arteriograms. In
two cases, it likely relied on a severe exercise-induced systemic
hypoxemia (dyspnea and chest TCPO2 decrease). These two
recordings are also certainly to be considered true false-posi-
tive test results, reflecting abnormal oxygen content rather
than impaired blood flow.
DISCUSSION
Several recent reports of proximal claudication of arte-
rial origin have underlined the need for new noninvasive
Table I. Diagnostic performance of NIRS and TCPO2 and
negative (noncontributive for detection)
Arteriogram
NIRS
Value 95% CI
True positive (n) 12 
True negative (n) 21 
RR 1.5 1.1-2.2
Sensitivity (%) 33 18.6-51.0
Specificity (%) 87¶ 67.6-97.3
Accuracy (%) 55 41.6-67.9
RR, Relative risk of a positive arteriogram in case of positive test; CI, confi
*P  .05 for RR being different from 1.
†P  .01 vs NIRS.
‡P  .01 vs ABI.
§P  .05 vs NIRS.
¶P  .05 vs ABI.
Table II. Number of available values, objectively determin
sensitivity/specificity angle, and area under the ROC curve
Units
Available
values (n)
StO2
Initial slope %/s1 50
Recovery slope %/s1 50
Time for recovery sec 52
HbT
Initial slope U/s1 48
Recovery slope U/s1 50
Time for recovery sec 42
HbO
Initial slope U/s1 47
Recovery slope U/s1 47
Time for recovery sec 44
StO2, Saturation; HbT, total hemoglobin; HbO, oxygenized hemoglobin.investigations to argue for—or against—the vascular originof atypical or isolated proximal claudication and to better
select those patients who should be referred for arteriogra-
phy. Indeed, arteriography as an invasive approach cannot
be used as a primary diagnostic tool. Magnetic resonance
imaging could be useful, but as with any imaging tech-
nique, it can hardly estimate the consequence of vascular
lesions caused by collateral vessels eventually compensating
for the effect of a lesion on an arterial trunk. Further, its
validation in the hypogastric circulation is still to be per-
formed. The recent development of angioplasty now facil-
itates the treatment of lesions on arteries hardly accessible
to conventional surgery.5,6,21 In this context, at the level of
the hypogastric arteries, objective measurements of the
consequence of angioplasty cannot satisfactorily be reached
with ankle pressure recordings and would require investi-
gations specific to the hypogastric blood supply. For this
purpose, penile pressure seems the easiest approach, but
limitations of this technique should not be underestimated,
I against arteriography with missing NIRS coded
normal  36, normal  24
TCPO2 ABI
lue 95% CI Value 95% CI
 23 
 12 
.7* 1.8-24.9 1.3 0.9-2.0
†,‡ 81.4-99.3 64§ 46.2-78.2
40.6-81.2 50 29.1-70.9
§,¶ 69.6-90.5 58 44.9-70.9
interval.
ptimal cut-off point, distance to the 100/100%
various variables issued from the NIRS recordings
Cut-off
point
Distance
to the
angle
Area under
the ROC
curve
5.2 62 5341
3.75 54 5726
115 44 7188
2.1 56 5687
2.8 57 5072
470 66 5409
0.83 51 6214
1.8 66 5127
170 58 5496AB
Ab
Va
34
15
6
94
62
82
denceed o
foramong which are the following: first, it is not available in
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indication about which side is potentially affected; third,
some patients are reluctant to accept it as a routine investi-
gation; fourth, it is often difficult to perform in obese
subjects; fifth, it cannot be performed during exercise and
little is known regarding postexercise results for buttock
claudication; sixth, distal lesions to the penile artery may
result in low penile pressure values despite normal proximal
arterial trunks, which is useful in impotence but not for
buttock claudication; seventh, inversely, because of impor-
tant anastomotic arteries in the pelvic circulation, blood
supply from contralateral arteries may result in normal
values in case of unilateral lesion; and eighth, cardiac ar-
rhythmia may result in difficult determination.
Contrary to the penile pressure approach, exercise
TCPO2 and NIRS are applicable in female and overweight
patients and may differentiate right from left or bilateral
lesions. It is of interest to note that the accuracy found
using an automated detection of the minimal DROP-index
value in the present group is comparable with the one
observed in the population in which the cut-off point was
initially defined.13 It is also of interest to keep in mind that
NIRS is not necessarily a detector of low or high blood
flow, but rather of the quality of the blood in the tissues
being examined. Then on the one hand, even with low
flow, if oxygenated blood arrives to the tissue, the StO2 will
yield a high reading because it represents saturated O2 in
tissue blood. On the other hand, exercise-induced systemic
hypoxemia may result in an abnormal buttock StO2 re-
sponse that does not relate to local blood flow impairment.
There are many potential limitations to the present
study, in addition to the relative small number of subjects
studied and the previously discussed points. First, our lab-
oratory is performing routine investigations with TCPO2 at
exercise, whereas NIRS was only introduced recently. As
with any technique, it is possible that a learning period is
necessary to optimize the use of a new technique. Although
we preformed previous experiments with NIRS, this cannot
be excluded as a cause of the disappointing performance of
NIRS as compared with the literature. The second possible
bias in the study is the use of a threshold for NIRS that has
been validated against proximal claudication and not
against arteriography.7 Because of frequent asymptomatic
ischemia in peripheral arterial disease and the potential
occurrence of pain of nonvascular origin in the elderly
population, it is likely that comparison of techniques with
arteriography is to be preferred to comparison with pain.
Further, to the best of our knowledge, no NIRS-derived
parameter other than StO2 recovery time, validated against
gold-standard arteriography, is yet published at the buttock
level to date, and our intent to find an original new cut-off
variable in the present group failed. Another point of
potential limitation is the fact that the selected subjects all
had stage 2 claudication. As a result of the homogeneous
exercise protocol used, exercise duration lasted 1.83 to 20
minutes. Changes in NIRS are almost instantaneous with
muscle saturation changes, whereas TCPO2 changes are
relatively slow in case of abrupt arterial PO2 changes. It ispossible that NIRS would show a better accuracy than
TCPO2 for the patients walking only a fewmeters, in whom
only transient changes might occur. Last, it is generally
recommended to search for the best position of the NIRS
probe before the recording is started because of inhomo-
geneous distribution of the muscle capillaries.22 It is likely
that the standard position of the probe used in the present
study has decreased the sensitivity of the NIRS detection.
In conclusion, in the present study, NIRS did not provide
a higher diagnostic accuracy than TCPO2 in predicting the
presence of significant lesions on the arteries toward the hy-
pogastric circulation when simultaneous recordings were per-
formed during exercise with standard probe positions. Future
studies may reduce the difference observed in the present
study between the two techniques, but the potential advan-
tages of NIRS over TCPO2 (muscle measurements, easy use,
swift response, absence of initial stabilization) will, in our
opinion, still be counterbalanced by the price of the devices
and the absence of estimationof eventual systemic hypoxemia.
Noneof these techniques are expected to replace themeasure-
ment of penile pressure, but theymay be useful in situations in
which the penile pressure approach is impossible or when a
differentiation is to be made between the right and left side.
Future experiments should be performed to compare the
respective role, feasibility, and accuracy of NIRS and TCPO2
vs the penile pressure index for the diagnosis of proximal
claudication of suspected vascular origin. To date, each labo-
ratory should carefully weigh the advantages and limits of
NIRS and TCPO2 when a choice is to be made between these
techniques to approach the problem of objectively measuring
ischemia at the buttock level during treadmill exercise.
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